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LUNAR ROVING VEHICLF: ELECTRICAL SYSTEM METER ANOMALIES 

STATEMENT OF ANOMALY 

The fol lowing e l e c t r i c a l  system meter anomalies were p re sen t  at i n i -  
tial powerup of t h e  Apollo 16 l u n a r  roving v e h i c l e :  

a.  Battery 2 vol tmeter  i nd ica t ed  of f -sca le  low. 

b .  Bat te ry  2 ampere-hour meter i n d i c a t e d  of f -sca le  low. 

c .  Bat te ry  1 and 2 temperature meters i n d i c a t e d  of f -sca le  low. 

Other anomalous condi t ions were p re sen t  dur ing  t h e  second and t h i r d  
ex t r aveh icu la r  ac t iv i t ies .  The b a t t e r y  2 ampere-hour meter i n d i c a t e d  an 
i n c r e a s e  i n  ampere-hours and t h e  b a t t e r y  1 temperature  m e t e r  aga in  i n d i -  
ca t ed  of f -sca le  low. 

SYSTEM DESCRIPTION 

The temperature  of each b a t t e r y  i s  monitored by a t h e r m i s t e r  which 
opera tes  i n  a br idge  c i r c u i t  ( f i g .  1). 
e i t h e r  t h e  bus B o r  t h e  bus D c i r c u i t  b reake r  i s  c losed .  The two b r idges  
t h e n  d r i v e  i n d i v i d u a l  meter movements i n  a dxal temperature  meter. 

Bridge power i s  suppl ied  when 

The two b a t t e r y  vol tages  o r  cu r ren t s  are d isp layed  on a dua l  d i sp l ay  
The p o s i t i o n  of t h e  VOLTS/AMPS switch ( f i g .  1) determines which meter. 

parameter both meters w i l l  d i sp lay .  

The battery ampere-hour meter opera tes  when e i t h e r  t h e  bus B o r  t h e  
bus D c i r c u i t  b reaker  i s  closed.  The ampere-hour meter d i sp lays  ampere- 
hours remaining i n  t h e  bat ter ies .  This i s  accomplished as fo l lows .  A 
vo l t age ,  p ropor t iona l  t o  t h e  b a t t e r y  c u r r e n t ,  i s  produced i n  t h e  b a t t e r y  
shunt  ( f i g .  2 ) .  This vo l tage  i s  appl ied  through a r e s i s t o r  t o  an ampere- 
hour i n t e g r a t o r .  The r e s i s t o r  converts t h e  shunt  vo l tage  i n t o  a cu r ren t  
source .  

The ampere-hour i n t e g r a t o r  ( f i g .  3) c o n s i s t s  of  a g l a s s  c a p i l l a r y  
tube  which conta ins  an e l ec t rode  i n  each end and has  an i n s u l a t e d  ex- 
t e r n a l  conductive coa t ing .  Between t h e  two i n t e r n a l  e l e c t r o d e s  i s  a 
column of mercury wi th  an e l e c t r o l y t i c  gap. When d i r e c t  cu r ren t  f lows 
between t h e  i n t e r n a l  e l e c t r o d e s ,  mercury i s  e l e c t r o p l a t e d  across  t h e  gap 
and t h e  p o s i t i o n  of t h e  gap moves. 
termined by t h e  t o t a l  coulomb charge which has  been passed through t h e  
device.  

The p o s i t i o n  of t h e  gap i s  t h e n  de- 
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The vol tage  i s  a l s o  app l i ed  across  t h e  i n t e r n a l  e l e c t r o d e s .  The two 
segments of the  mercury column and t h e  e x t e r n a l  conductive coa t ing  con- 
s t i t u t e  a capac i to r  vo l tage  d i v i d e r ;  consequent ly ,  t h e  vo l t age  on t h e  ex- 
t e rna l  conductive coa t ing  i s  determined by t h e  p o s i t i o n  of t h e  e l e c t r o -  
l y t i c  gap. This vo l tage  i s  then  p ropor t iona l  t o  the t o t a l  coulomb charge 
passed between t h e  i n t e r n a l  e l e c t r o d e s ,  and t h u s ,  t h e  t o t a l  charge removed 
from t h e  b a t t e r y .  This  vo l tage  d r i v e s  a meter which i s  c a l i b r a t e d  t o  in-  
d i c a t e  ampere-hours remaining i n  t h e  b a t t e r y .  

DISCUSS I O N  

No s ing le  condi t ion  w a s  found which would expla in  a l l  anomalous meter 
i n d i c a t i o n s .  However, i n t e r m i t t e n t  connections i n  some of t h e  mul t ip l e  
wi re  crimp s p l i c e s  shown i n  f i g u r e  1 could exp la in  t h e  meter readings .  

An i n t e r m i t t e n t  connection i n  s p l i c e  1 could cause t h e  b a t t e r y  2 
vol tmeter  t o  read of f -sca le  low. Also,  an i n t e r m i t t e n t  connection i n  
s p l i c e  3 or 4 would cause t h e  b a t t e r y  2 ampere-hour meter t o  read  o f f -  
s c a l e  low. To cause both temperature meters t o  read of f -sca le  low would 
r equ i r e  i n t e r m i t t e n t s  i n  e i t h e r  s p l i c e  2 o r  i n  both s p l i c e s  5 and 6.  An 
i n t e r m i t t e n t  i n  s p l i c e  1 would cause t h e  ampere-hour i n t e g r a t o r  1 t o  in-  
d i c a t e  increas ing  r a t h e r  than  decreasing ampere-hours remaining, s i n c e  
t h e  p o l a r i t y  on the  cu r ren t  sense l i n e  would be reversed as shown i n  f i g -  
ure  2 .  F ina l ly ,  an i n t e r m i t t e n t  connection i n  s p l i c e  5 would cause t h e  
b a t t e r y  1 temperature meter t o  i n d i c a t e  of f - sca le  low. 

Sp l i ce  f a b r i c a t i o n ,  t o o l i n g ,  and procedures were reviewed and a r e  
considered adequate.  No cause f o r  t he  i n t e r m i t t e n t  condi t ions  i n  the  
s p l i c e s  w a s  found. 

CONCLUSION 

I n t e r m i t t e n t  condi t ions must have e x i s t e d  i n  s e v e r a l  of t h e  mul t ip l e  
w i r e  s p l i c e s  shown i n  f i g u r e  1. 

CORRECTIVE ACTION 

No co r rec t ive  ac t ion  could be taken s i n c e  t h e  cause of t h e  in t e rmi t -  
t e n t s  w a s  not determined. 
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Figure 3.- Ampere - hour integrator. 
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